ELSEVIER 


Available  online  at  www.sciencedirect.com 


ScienceDirect 


Journal  of  Forensic  and  Legal  Medicine  14  (2007)  27-30 


JOURNAL  OF 

FORENSIC 
AND  LEGAL 
MEDICINE 


www.elsevier.com/jflm 


Review 


What  do  the  X  and  Y  chromosomes  tell  us  about  sex  and  gender 

in  forensic  case  analysis? 

Nicole  von  Wurmb-Schwark  a’*,  Hartmut  Bosinski  b,  Stefanie  Ritz-Timme  c 

a  Institute  of  Legal  Medicine,  University  of  Kiel,  Christian-Albrechts,  Arnold-Heller-Street,  12  Kiel  24105,  Germany 
b  Division  of  Sexual  Medicine,  University  of  Kiel,  Germany 
L  Institute  of  Legal  Medicine,  Heinricli-Heine-University,  Diisseldorf  Germany 

Received  9  June  2005;  received  in  revised  form  11  August  2005;  accepted  28  September  2005 
Available  online  23  August  2006 


Abstract 

Sex  determination  can  be  particularly  crucial  in  forensic  casework  such  as  rape  cases  or  cases  of  missing  persons.  Biological  traces 
have  to  be  genetically  typed  and  the  classification  of  the  sex  is  of  great  importance  for  further  investigations.  Lately,  several  papers  were 
published  on  reliability  of  sex  determination  by  genetic  typing  of  amelogenin  gene-specific  fragments.  Problems  may  arise  not  only  from 
false  detection  (or  non-detection)  of  amelogenin-specific  fragments,  but  also  in  cases  of  chimerism  (bone  marrow  transplants)  or  micro 
chimerism  (pregnant  women  carrying  male  fetuses),  and  from  the  possible  discrepancies  between  the  biological  gender  and  the  (forensic 
relevant)  legal  gender  in  the  personal  identity  documents.  The  phenotype  based  classification  of  the  legal  gender  may  contradict  the 
genetic  sex  under  several  conditions  as  there  are  genetic  diversity,  intersex  conditions  and  transsexualism.  The  forensic  relevance  of 
the  possible  misinterpretation  (sex  is  not  necessarily  legal  gender)  should  not  be  underestimated. 

©  2005  Elsevier  Ltd  and  AFP.  All  rights  reserved. 
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1.  Introduction 

Genetic  scanning  of  available  traces  and  specimen  for 
fragments  of  X-  or  Y-chromosome  is  a  common  practice 
in  legal  medicine  to  verify  the  sex  of  an  unknown  perpetra¬ 
tor  or  victim,  respectively.  The  correct  classification  of  indi¬ 
viduals  into  “female”  or  “male”  is  crucial  for  the  success  of 
criminal  investigations.  To  avoid  false  classifications,  the 
investigator  must  be  aware  of  methodical  pitfalls  in  sex 
determination,  the  problem  of  chimerism  within  one  indi¬ 
vidual,  and  of  possible  discrepancies  between  the  biological 
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gender  and  the  (forensic  relevant)  “legal”  genderc  appear¬ 
ing  for  example  in  the  personal  identification  documents 
or  in  the  registers  of  missing  persons. 

2.  The  methodical  problem  based  on  the  amelogenin 
detection 

In  forensic  casework  the  human  amelogenin  gene,  which 
is  located  on  both  the  X  and  Y  chromosome  as  single  cop¬ 
ies  in  the  XY  homologous  regions,1  is  widely  used  for  sex 
determination  by  PCR  in  forensic  routine  analysis2,3  or 
anthropology.4  Development  of  highly  discriminative  mul- 
tiplex-PCR  systems  with  additional  amelogenin  detections 
makes  the  discrimination  male/female  rather  easy  and 


c  The  term  “legal”  gender  is  used  here  merely  as  synonym  for  the  gender 
appearing  in  official  documents  and  registers  as  in  the  personal  identity 
documents,  the  birth  registers  or  the  registers  of  missing  persons;  it  is  not 
intended  to  get  into  the  ongoing  discussion  about  the  definition  of 
“gender”. 
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was  therefore  very  quickly  included  in  forensic  casework.5,6 
No  additional  effort,  lab  time  or  costs  were  necessary.  Sex 
determination  was  a  kind  of  by-product  of  genetic  finger¬ 
printing.  This  easy-to-use  method  directly  leads  to  the  first 
possible  pitfall  in  forensic  sex  determination: 

In  1998,  Santos  et  al.  found  a  deletion  of  the  amelogenin 
gene  on  the  Y  chromosome,  which  led  to  the  disappearance 
of  the  usually  longer  Y-specific  fragment  and  therefore  to 
the  detection  of  only  the  smaller  X-specific  signal,  generat¬ 
ing  an  apparently  female  genotype.  According  to  their  find¬ 
ings,  they  recommended,  that  a  Y-specific  locus  should 
routinely  be  included  in  forensic  sex  tests  to  avoid  false 
statements  on  gender  determination.7  Maybe  because  their 
sample  was  rather  small  (n  =  24),  they  did  not  receive  large 
attention  in  the  forensic  community.  However,  this  prob¬ 
lem  sporadically  showed  up  in  forensic  casework.8,9  In 
2002,  two  publications  came  out,  also  showing  mis-typing 
of  the  Y-specific  amelogenin  gene  by  investigating  a  larger 
population  number.  The  deletion  of  the  AMEL  Y  gene  has 
been  reported  in  six  out  of  29.432  male  individuals  that 
were  included  in  the  Austrian  Database,  representing  a 
deletion  frequency  of  0.02%. 10  Thangaraj  et  al.11  investi¬ 
gated  270  male  of  Indian  origin  and  found  false  only 
female  signals  in  five  samples  (1.85%)  using  the  commer¬ 
cially  available  and  well-used  AmpF/STR  Profiler  Plus 
kit  (Applied  Biosystems).  Regarding  those  findings,  it  was 
considered  that  gender  determination  in  forensic  casework 
can  in  some  cases  lead  to  wrong  conclusions  and  should 
not  rely  on  amelogenin  typing  alone.12  Meanwhile,  more 
investigations  came  up,  strongly  supporting  the  mentioned 
consideration:  Recently,  the  IDF  (Israel  Defense  Force) 
has  reported  on  an  amelogenin  sex  test  failure  on  a  pheno- 
typically  normal  male  soldier  and  also  pointed  to  possible 
far  reaching  consequences  in  forensic  trace  analysis.13 

3.  The  problem  of  chimerism 

Difficulties  in  male/female  discrimination  may  also  arise 
after  bone  marrow  transplantation  as  well  as  in  the  analysis 
of  samples  from  women  which  are  pregnant  with  a  male 
fetus.  In  a  bone  marrow  transplant,  the  patient’s  bone  mar¬ 
row  is  destroyed  and  replaced  by  healthy  marrow/stem 
cells.  In  a  successful  transplant,  the  new  bone  marrow 
migrates  to  the  cavities  of  the  large  bones,  engrafts  and 
begins  producing  normal  blood  cells.  Usually,  the  patient 
receives  bone  marrow  from  a  healthy  donor  with  his  or 
her  own  genetic  pattern.  Hence,  after  successful  transplan¬ 
tation  the  forensically  used  short  tandem  repeats  (STRs) 
found  in  the  patient’s  blood  are  identical  with  the  donor, 
but  completely  different  from  his/her  own  hair  roots.  Those 
were  on  the  other  hand  identical  to  the  patients  original 
STR  pattern.  In  DNA  from  buccal  swabs  or  fingernails 
from  the  patient  alleles  of  the  donor  and  the  patient  were 
detectable  five  years  after  transplantation.14  In  case  of  dif¬ 
ferent  sex  between  donor  and  recipient  PCR  based  sex  test¬ 
ing  could  therefore  lead  to  wrong  conclusions  in  forensic 
casework  with  regard  to  the  gender.  Meanwhile,  there  is 


the  possibility  of  using  umbilical  cord  blood  (UCB)  as  an 
alternative  source  of  hematopoetic  progenitors  for  allo¬ 
genic  stem  cell  transplantation,15  which  would  not  have 
any  consequences  from  a  forensic  point  of  view.  But  today 
this  method  is  still  in  the  beginning. 

Problems  in  sex  determination  could  also  arise  when 
investigating  biological  blood  traces  from  women  which 
are  pregnant  with  male  fetuses.  There  is  a  time  period 
during  pregnancy  in  that  the  genetic  material  of  the  fetus 
(i.e.,  the  Y-specific  alleles)  can  be  detected  in  blood  of 
the  mother.16  Assuming  the  mother  as  being  the  origina¬ 
tor  of  blood  in  case  of  a  missing  person,  it  could  easily 
be  imagined  that  genetic  analysis  could  possibly  refer 
to  blood  from  a  male  person  and  thus  not  from  the  miss¬ 
ing  woman. 

4.  Possible  discrepancies  between  the  biological  gender  and 
the  (forensic  relevant)  legal  gender 

In  forensic  casework  the  diagnosis  “female”  or  “male” 
has  to  be  matched  with  data  of  missing  or  suspected  per¬ 
sons  by  the  police.  These  “reference”  data  comprise  the 
officially  registered  (legal)  gender,  which  is  not  necessarily 
identical  with  the  genetic  sex.  One  should  keep  in  mind, 
that  an  X-  or  a  Y-chromosome  -  be  it  detected  with  ame¬ 
logenin  or  y-specific  STR  typing  -  does  not  necessarily  tell 
the  truth  about  the  registered  gender  and  the  gender  iden¬ 
tity,  i.e.,  the  continuous  and  persistent  sense  of  oneself  as 
male  or  female.  Usually,  the  gender  is  given  to  an  individ¬ 
ual  at  birth  based  on  the  phenotype  unless  a  previous  pre¬ 
natal  genetic  investigation  was  done.  This  so-called 
“midwife-gender”  is  then  filled  in  the  birth  certificate  to 
become  the  legal  gender.  The  phenotype  based  classifica¬ 
tion  of  the  legal  gender  may  contradict  the  genetical  sex 
under  several  conditions  as  genetic  diversity,  intersex  con¬ 
ditions,  and  transsexualism. 

4.1.  Genetic  diversity  I  inter  sex  conditions,  particularly 
androgen  insensitivity  syndrome  (AIS),  gonadal  dysgenesis 
(GD),  and  5-alpha( 2) -reductase-deficiency  (ARD) 

The  sex  chromosomes  are  involved  in  chromosomal 
abnormality  relatively  more  common  than  are  the  auto- 
somes.  It  can  be  calculated  that  at  least  8%  of  all  human 
conceptions  have  some  form  of  chromosome  abnormality. 
Most  of  them  abort  spontaneously  while  0.5%  can  be 
found  in  liveborns.  Half  of  the  abnormalities  involve  the 
sex  chromosomes,  mostly  trisomic  states  such  as  XXY, 
XYY  and  XXX,  more  rarely  X0  incidences.28  Examples 
of  genetic  diversity,  that  lead  to  the  described  difference 
of  genotype  and  phenotype  and  are  therefore  of  forensic 
interest,  are:  Androgen  Insensitivity  Syndrome  (AIS), 
Gonadal  Dysgenesis  (GD),  and  5-alpha(2)-reductase-defi- 
ciency  (ARD). 

Complete  androgen  insensitivity  syndrome  (cAIS)  is 
caused  by  mutations  in  the  androgen  receptor,  producing 
impaired  to  complete  lack  of  response  to  endogenous  and 
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exogenous  androgens.  Individuals  with  complete  AIS  pos¬ 
sess  a  normal  male  46,  XY  genotype  and  functioning  tes¬ 
tes.17  According  to  their  phenotype  (female  genitalia  with 
a  blind  ending  pseudo  vagina  and  a  lack  of  Mullerian  duct 
structures)  they  are  raised  as  girls  and  undergo  normal 
breast  development  at  puberty  (if  testes  are  in  situ),  but 
have  complete  absence  of  androgen  dependent  body  hair 
in  most  cases.18’19  Individuals  with  partial  AIS  (pAIS) 
show  ambiguous  external  genitalia  with  different  degrees 
of  masculinization,  depending  on  the  remaining  capacity 
of  receptors  to  react  to  androgens.  Degree  of  masculiniza¬ 
tion  and  available  operative  techniques  influences  their 
upbringing  as  girls  or  boys,  respectively. 

GD  is  caused  by  varying  mutations  within  the  genetic 
cascade,  which  normally  leads  to  testes  differentiation 
(SRY,  SF-1  or  DAX120).  It  is  characterized  by  abnormally 
formed  gonads  which  were  originally  on  the  path  to  testis 
differentiation  (gonadal  streaks),  female  external  genitalia, 
Mullerian  duct  development,  and  Wolffian  duct  regression. 
Female  external  genitalia  develop  due  to  the  failure  of  the 
gonadal  streaks  to  produce  androgens  necessary  to  mascu¬ 
linize.  In  pure  GD  (pGD)  XY  children  are  reared  as  girls, 
while  in  mixed  GD  sex  assignment  depends  on  genital  mas¬ 
culinization,  hence  on  remaining  capacity  of  testes  to  pro¬ 
duce  androgens. 

In  individuals  with  ARD  there  is  a  lack  of  the  enzyme 
which  converts  testosterone  into  dihydrotestosterone, 
which  in  turn  is  responsible  for  the  formation  of  external 
male  genitalia.  Hence,  these  individuals,  albeit  they  own 
XY-chromosomes,  testes,  mullerian  structures  and  no 
wolffian  ducts,  are  mostly  raised  as  girls.  The  majority 
changes  to  the  male  gender  during  or  post  puberty,  but 
some  remain  in  the  female  gender,  particularly  if  they  are 
recognized  in  childhood,  were  subject  to  gonadectomie 
and  receive  oestrogen  when  puberty  is  to  occur.21  Incidence 
of  intersex  conditions  is  still  under  discussion  and  depends 
on  definition,  methods  and  samples  that  are  used:  Estima¬ 
tion  of  incidence  for  AIS  (complete  and  partial  form)  range 
from  1:  40,80022  to  1:  99, 000, 23  while  those  for  GD  (pure 
and  mixed  form)  and  ARD  remain  unknown.  Genel 
(2000)  reported  on  eight  subjects  among  3.387  female  ath¬ 
letes  investigated  during  the  Olympic  Games  in  Atlanta 
showing  a  SRY-positive  result  in  gender  verification  proce¬ 
dure,  i.e.,  1:423.  In  four  cases  this  was  due  to  a  pAIS,  in 
three  cases  due  to  cAIS,  the  remaining  was  caused  by 
ARD.25 

4.2.  Transsexualism 

Individuals  with  gender  identity  disorder  (GID;  DSM- 
IV:  302.85)  or  transsexualism  (TS;  ICD-10:  F64.0)  have  a 
strong  and  persistent  cross-gender  identification  and  a  per¬ 
sistent  discomfort  with  their  sex  or  sense  of  inappropriate¬ 
ness  in  the  gender  role  of  that  sex.  Therefore,  they  live  in 
the  social  role  of  the  other  sex  and  most  of  them  undergo 
sex  reassignment  surgery.  There  are  no  recent  epidemiolog¬ 
ical  studies  to  provide  data  on  prevalence  of  Gender  Iden¬ 


tity  Disorder.  DSM-IV  refers  to  data  “smaller  countries  in 
Europe”  with  access  to  total  population  statistics  and  refer¬ 
rals  suggest  that  roughly  1  per  30,000  adult  males  and  1  per 
100,000  adult  females  seek  sex-reassignment  surgery” 
(APA,  1994,  p.  535). 24 

5.  Conclusion  and  forensic  relevance 

In  the  field  of  forensic  identification,  DNA  testing  using 
STRs,  and  the  detection  of  the  amelogenin-specific  frag¬ 
ments  for  sex  determination  is  a  commonly  used  method, 
usually  without  any  or  many  regards  to  possible  pitfalls. 
The  use  of  Y-specific  STRs  has  shown  to  be  extremely  use¬ 
ful  in  rape  cases  or  deficient  paternity  investigations  and 
are  therefore  used  in  many  forensic  labs.26’27 

However,  since  a  false  or  misleading  information  about 
the  classification  of  an  individual  as,  female"  or,  male"  will 
lead  to  serious  consequences  in  criminal  investigations 
(e.g.,  non-identification),  the  investigator  must  be  aware 
of  all  possible  pitfalls.  The  above  named  methodical  pitfalls 
and  problems  in  cases  of  chimerism  can  be  overcome  by 
adequate  methodological  approaches.  In  contrast,  misin¬ 
terpretations  caused  by  discrepancies  between  the  regis¬ 
tered  gender  and  the  determined  genetic  sex  cannot  be 
avoided  offhand.  The  practical  relevance  of  this  source  of 
misinterpretation  should  not  be  underestimated. 

In  forensic  casework  all  persons  involved  should  be 
aware  of  the  fact  that,  even  though  every  possible  method¬ 
ical  difficulties  might  be  solvable,  the  determined  sex  is  not 
necessarily  legal  gender. 
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